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(57) ABSTRACT

An electronic parking brake (EPB) system having expanded
functionality, such that after a Hydraulic Electronic Control
Unit (HECU) (i.e., host) commands the parking brake units
to release clamping force on the brake discs, a pressure
differential 1s generated 1n the rear calipers. When the
normally closed valves at the HECU are opened, tluid 1s
transferred to a low-pressure accumulator, transferring the
brake fluid from the housing of the caliper. A pump 1s then
activated to further draw fluid from the accumulator and the
caliper, transierring the fluid back to the master cylinder.
The suction created by the activation of the pump moves the
caliper piston towards the housing and the brake pad away
from the brake disc, and achieving the desired air gap.
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EPB LOW RESIDUAL TORQUE SOFTWARE
FUNCTION

FIELD OF THE INVENTION

The invention relates generally to a braking system which
1s able to be configured to reduce residual torque to the rear
wheels after application of the electronic parking brake,
thereby improving fuel economy.

BACKGROUND OF THE INVENTION

Many current vehicles are equipped with an electronic
parking brake (EPB). An EPB generally includes some type
of brake umit having an electronic actuator 1n electrical
communication with an electronic control unit (ECU), and
there 1s also some type of switch which 1s selectively
actuated by the dniver of the vehicle for controlling the
actuation of the EPB. The driver actuates the switch when
desired such that a signal 1s sent to the ECU, and the ECU
then sends a signal to the actuator to engage the brake unit,
preventing the vehicle from moving.

During operation of a vehicle having a hydraulic braking
system, application of the standard foundation brakes 1s
obtained by a pressure build-up controlled by the HECU.
This creates a significant pressure differential between the
brake lines and a low-pressure accumulator (LPA). The
brakes are then released 1n a relatively short period of time,
as compared to parking brake application. When the foun-
dation brakes are released, valves are switched to allow tluid
communication between the brake calipers and the LPA. The
pressure differential equalizes, and the pistons 1n the calipers
are retracted as a result. However, when the brakes have
been applied using the EPB there 1s insuflicient pressure
differential between the HECU and the LPA to achieve the
same ellect, which may result 1n drag or residual torque 1n
the braking unats.

Automobile manufacturers desire to reduce residual
torque 1n all vehicle platforms to help improve 1fuel
cconomy. Furthermore, automobile manufacturers have also
increased residual torque requirements, making the reduc-
tion in residual torque more diflicult to achieve using
mechanical components. Current read brake calipers with an
integrated EPB provide a “low air gap™ after release of the
EPB due to the deformations at the housing assembly during
the application of the EPB. This low air gap increases the
residual torque 1n the rear wheels, reducing the fuel
economy. Nominal air gap 1s recovered after several service
applications, but the time to when the nominal air gap 1s
achieved depends upon the customer usage, and driving
habits.

Accordingly, there exists a need for an EPB system which
has expanded functionality, such that the PBC software
allows a fast air gap recovery, providing low residual torque
and increasing vehicle fuel economy

SUMMARY OF THE

INVENTION

The present mvention 1s an electronic parking brake
(EPB) system for a vehicle, where the EPB has expanded
functionality. After a Hydraulic Electronic Control Unait
(HECU) (1.e., host) commands the parking brake units to
release clamping force on the brake discs, a pressure differ-
ential 1s generated 1n the rear calipers. When the normally
closed valves at the HECU are opened, fluid 1s transterred to
a low-pressure accumulator, transierring the brake flmd
from the housing of the caliper. A pump 1s then activated to
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2

further draw fluid from the accumulator and the caliper,
transferring the fluid back to the master cylinder. The suction
created by the activation of the pump moves the caliper
piston towards the housing and the brake pad away from the
brake disc, and achieving the desired air gap.

In one embodiment, after the driver actuates the FPB
release command through the parking brake switch (or any
EPB automated function, such as drive away release
(DAR)), the HECU generates low pressure (such as 5 bar)
at the rear calipers. After pressure builds in the calipers, the
HECU configures various valves to open and other valves to
close, such that the brake fluid 1n the caliper flows to the
low-pressure accumulator prior to activation of the pump.
Once the pump 1s activated, the piston 1s moved towards the
caliper and the brake pads away from the brake disc,
creating additional air gap.

In one embodiment, the present invention 1s a braking
system, having a hydraulic electronic control unit (HECU),
a switch 1n electrical communication with the hydraulic
clectronic control unit, and at least one brake unit operable
for being controlled by the hydraulic electronic control unait.

The brake unit includes at least one actuator 1n electrical
communication with the electronic control unit, at least one
disc, the actuator operable for selectively applying a force to
the disc, at least one caliper operable for selectively applying,
a fTorce to the disc, and at least one brake pad connected to
the caliper, the brake pad selectively in contact with the disc.

The braking system also includes at least one low-pres-
sure accumulator 1 fluid communication with the at least
one caliper, and a pump 1n fluild communication with the
caliper and the low-pressure accumulator.

To reduce drag or residual torque in the brake unit, the
switch 1s configured such that the actuator releases the disc,
such that the brake unit 1s exposed to pressurized fluid,
creating a pressure differential between the low-pressure
accumulator and the caliper. The pressure differential causes
fluid 1n the caliper to be transferred to the low-pressure
accumulator. The hydraulic electronic control unit then
activates the pump, causing fluid to transfer away from the
caliper and the low-pressure accumulator, moving the at
least one brake pad away from the at least one disc, creating
a gap between the at least one brake pad and the at least one

disc, reducing drag torque.

The braking system of the present invention also includes
a master cylinder, and fluid 1s transferred from the at least
one low-pressure accumulator and the at least one caliper to
the master cylinder during the operation of the pump.

As the at least one disc rotates when the vehicle moves
from a stopped position, a portion of the gap i1s located
between the second brake pad and the disc. More specifi-
cally, the brake disc runout causes the gap to be spaced on
both sides of the disc, further reducing drag torque.

Further areas of applicability of the present invention waill
become apparent from the detailed description provided
hereinafter. It should be understood that the detailed descrip-
tion and specific examples, while indicating the preferred
embodiment of the invention, are itended for purposes of
illustration only and are not intended to limit the scope of the
invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:
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FIG. 1 1s a diagram of a brake system for a vehicle, where
the brake system has an EPB low residual torque software

function, according to embodiments of the present mven-
tion;

FIG. 2 1s a diagram depicting the various components
which are activated during the process of releasing the EPB,
according to embodiments of the present imnvention; and

FIG. 3 1s a diagram of a brake system for a vehicle, where
the brake system has an EPB low residual torque software
function, according to embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

The following description of the preferred embodiment(s)
1s merely exemplary 1n nature and 1s 1n no way intended to
limit the invention, 1ts application, or uses.

A diagram showing a braking system having an electronic
parking brake (EPB) low residual torque software function
according to the present invention i1s shown in FIG. 1,
generally at 10. Referring to the Figures generally, the
braking system 10 includes a hydraulic electronic control
unit (HECU) 12, and the HECU 12 1s 1n electrical commu-
nication with at least one brake unit, which 1n this embodi-
ment 1s two rear brake units, shown generally at 14 A,14B,
which are part of a rear brake system, shown generally at
16A. The brake system 10 also includes two front brake
units 14C,14D, which are part of a front brake system,
shown generally at 16B. Each brake unit 14A,148,14C, 14D
1s able to prevent the rotation of a corresponding rotatable
element, which 1n this embodiment are discs 18A,18B,18C,
18D connected a corresponding wheel (not shown).

Each rear brake unit 14A,14B includes an electronic
actuator 20A,20B, and each electronic actuator 20A.,20B 1s
connected to and 1s able to actuate a corresponding caliper
22A,22B. Each caliper 22A,22B has two brake pads 80A,
80B.,80C,80D located on opposite sides of each correspond-
ing disc 18A,18B, and each electronic actuator 20A.,20B 1s
able to configure a corresponding caliper 22A,22B to apply
force to the brake pads 80A.,80B.80C.80D. More specifi-
cally, the first actuator 20A 1s able to control the operation
of the first caliper 22A such that the pads 80A,80B apply
force to the first disc 18 A, limiting or preventing rotation of
the first disc 18A. The second actuator 20B 1s able to control
the operation of the second caliper 22B such that the pads
80C,80D apply force to the second disc 18B, limiting or
preventing rotation of the second disc 18B.

The HECU 12 includes software such that the HECU 12
1s programmed to command the actuators 20A,20B to gen-
erate a requested clamping force on the discs 18A,18B. In
one embodiment, the actuators 20A,20B are motor-gear-
units, each of which includes a DC motor connected to a
gear box for torque amplification. Fach gear box also
includes a spindle nut and ball screw mechanism (or any
similar mechanical assembly) connected to a piston, where
cach piston 1s mounted 1n a corresponding caliper 22A,22B.
Although the actuator 20A,20B has been described as a
motor-gear-unit, it 1s within the scope of the invention that
other types of actuators may be used, such as, but not limited
to, a stand-alone DC motor (no gear box), a brushless DC
motor, a stepper motor, or the like.

The EPB system 10 also includes a switch 24, which 1s
also 1n electrical communication with the HECU 12. The
switch 24 1s used to actuate the brake units 14A.,14B. The
switch 24 has two positions, in the first position, or “off
position,” the switch 24 1s configured such that the HECU 12
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4

does not send a signal to the actuators 20A,20B, and no force
1s applied to the discs 18A,18B. When the switch 24 1s 1n the
ofl position, the actuators 20A,20B configure the calipers

22A,22B to release the discs 18A,18B, such that the discs
18A,18B, and therefore the wheels, are allowed to rotate
freely. In the second position, or “on position,” the switch 24
1s configured to send a signal to the HECU 12, and a signal
corresponding to maximum clamping force 1s sent from the
HECU 12 to each actuator 20A,20B, and the clamping force
1s generated by the actuators 20A,20B 1s maximized. When
the switch 24 1s in the on position, the clamping force

applied to the discs 18A,18B by the actuators 20A.20B 1s
maximized, and the discs 18A.18B, and therefore the
wheels, are stationary, and are prevented from rotating. The
switch 24 may be used when the vehicle 1s 1n a parked
location, and 1t 1s desired to prevent the vehicle from
moving, such as when the vehicle 1s parked on a hill.

The brake system 10 also includes a tandem master
cylinder (TMC), shown generally at 26. The TMC 26 1s
divided into various cavities, and has two pistons, one of
which 1s connected to a connecting rod 28, and the connect-
ing rod 28 1s connected to and actuated by a brake pedal 30.
There 1s a first primary feed conduit 32A connected to and
in fluid communication with the rear brake system 16 A and
the TMC 26, and a second primary feed conduit 32B
connected to and in flmmd communication with the front
brake system 16B and the TMC 26.

More specifically, the first primary feed conduit 32A 1s
connected to and in fluid communication with a first accu-
mulator 34. The first primary feed conduit 32A splits, and 1s
in fluild communication with a first valve 36 and a second
valve 38, where the second valve 38 1includes a check valve
38A to provide for pressure relief. The first valve 36 1s also
connected to and 1n fluuld communication with a second
conduit 40, and connected to and in fluid communication
with the second conduit 40 1s a second accumulator 42. Also
disposed 1n the second conduit 40 1s another check valve 44.
A third conduit 46 1s connected to and 1n fluild communica-
tion with the second conduit 40, and disposed in the third
conduit 46 are two more check valves 48,50, and a pump 52
disposed between the two check valves 48,50. Also disposed
in the third conduit 46 1s another accumulator 54 and a
restriction point 56.

Connected to and 1n fluid communication with the second
valve 38 1s a third conduit 58, and the third conduit 58 also
extends and 1s connected to and 1n fluid communication with
the second conduit 40. Disposed 1n the third conduit 38 1s a
third valve 60 and a fourth valve 62, and the third valve 60
includes a check valve 60a to provide relief of excess
pressure. Also connected to and 1n fluid communication with
the second conduit 40 1s a low-pressure accumulator 64.

Connected to and 1n fluid communication with the third
conduit 58 1s a fourth conduit 66, and the fourth conduit 66
1s also connected to and in fluild communication with the
second conduit 40. The third conduit 46 1s also connected to
and 1n fluid communication with the fourth conduit 66, at a
location downstream of the restriction point 56. Disposed 1n
the fourth conduit 66 1s a fifth valve 68 and a sixth valve 70,
where the sixth valve 70 includes a check valve 70A.

Connected to and 1n fluid communication with the fourth
conduit 66 1s a first final conduit 72A, the first final conduit
72A 15 connected to the fourth conduit 66 between the fitth
valve 68 and the sixth valve 70. The first final conduit 72A
1s also connected to and 1n fluid communication with the first
caliper 22A, such that the first caliper 22A 1s able to be
pressurized by fluid from the first final conduit 72A.
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Connected to and 1n fluid communication with the third
conduit 58 1s a second final conduit 72B, the second final
conduit 72B 1s connected to the third conduit 58 between the
third valve 60 and the fourth valve 62. The second final
conduit 72B 1s also connected to and 1n fluid communication
with the second caliper 22B, such that the second caliper
22B 1s able to be pressurized by fluid from the second final
conduit 72B.

In operation, as mentioned above, the switch 24 1s used to
control the actuators 20A,20B, and perform the parking
brake functions. When the switch 24 1s changed from the
second configuration to the first configuration as shown 1n
FIG. 3, the actuators 20A,20B configure the calipers 22A,
22B to release the discs 18A,18B. such that the discs
18A,18B, and therefore the wheels, are allowed to rotate
freely, as described above. However, the brake pads 80A,
80B,80C,80D may not fully retract, resulting 1n brake drag,
or drag torque, applied to each of the brake units 14A,14B.

To reduce or eliminate the possibility of brake drag, the
brake system 10 1s configured to move the brake pads
80A,80C away from each corresponding disc 18A,18B. This

1s achieved after operating the brake system 10 1n various
stages, shown particularly in FIG. 2, where brake fluid 1s
transierred to each caliper 22A,22B, a pressure differential
between the low-pressure accumulator 64 and the calipers
22A,228 causes brake fluid to be transferred away from
cach caliper 22A,22B, and then the pump 52 1s activated to
turther transter fluud away from each caliper 22A,22B,

creating a suction, which then moves each piston and

corresponding brake pad 80A.80C away from the corre-
sponding brake disc 18A,18B.

Referring to F1G. 2, in Stage 1, the switch 24 1s configured
to be 1n the “on position,” where the parking brake actuators
20A,20B are activated, such that force 1s applied to the discs
18A,18B. In this instance, activation of the actuators 20A,

20B 1s completed through use of the HECU 12 and the
switch 24, therefore pressure within the fluid lines of the
brake system 16A has not changed, 1.e. there has been no
pressure build up. The actuators 20A,20B “hold” (.e.,
maintain clamping force) the brake units 14A,14B for as

long as desired. When the command (1.e., the switch 24 1s
changed to the “off position”) i1s given for the actuators
20A.,205 release the discs 18A,18B, a pressure 1s built within
the brake system 16 A to build a pressure. This pressure may
or may not be suflicient to hold the vehicle in a parked
position, as the desired outcome of this process 1s brake
release with a desirable air gap. However, building pressure
in this manner generates a pressure diflerential between the
calipers 22A,22B and the low-pressure accumulator 64.
More specifically, after the switch 24 1s changed to the “off
position” at the end of Stage 1, a back pressure occurs in the
rear brake system 16A because of the movement of the
piston by the actuators 20A,20B 1n each caliper 22A,22B.

Therelfore, at the beginning of Stage 2, the flmd 1n the
calipers 22A.,22B 1s pressurized. After the switch 24 1s
changed to the “off position,” the third valve 60 and the sixth
valve 70 are placed 1n a closed position, which 1s a “hold
position” where pressurized flud remains 1n the calipers
22A,22B. As explained above, the pressure accumulated
may or may not be sutlicient to actually hold the vehicle in
a parked position. For an embodiment in which the pressure
1s not suflicient to hold the vehicle 1n a parked position, the
duration of Stage 2 may be a mimimal amount of time that
1s needed for switching the valves 60,70 to the desired
positions.
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In Stage 3, the fourth valve 62 and the fifth valve 68 are
then placed 1n an open position. During this Stage, the third
valve 60 and the sixth valve 70 remain 1n the closed position.

In Stage 4, because there 1s a pressure diflerential between
the fluud in the calipers 22A,22B and fluid 1n the low-
pressure accumulator 54 (1.e., the calipers 22A,22B have
pressurized tluid, and the low-pressure accumulator 34 does
not), fluid 1s drawn from the calipers 22A,22B into the
low-pressure accumulator 54. This pressure diflerential
causes the brake fluid in the first caliper 22A to be drawn
from the first caliper 22A, through the first final conduit
72A, the fourth conduit 66 and the fifth valve 68, through a
portion of the second conduit 40 and into the low-pressure
accumulator 64. This pressure diflerential also causes the
brake fluid in the second caliper 22B to be drawn from the
second caliper 22B, through the second final conduit 72B,
the third conduit 58 and the fourth valve 62, through a
portion of the second conduit 40 and into the low-pressure
accumulator 64.

The fluid 1n the low-pressure accumulator 54 may then be
returned to the TMC 26 1n Stage 3. In Stage 5, the first valve
36 1s placed 1n a closed position, and the third valve 60, and
the sixth valve 70 remain in the closed position. The second
valve 38 1s placed 1n an open position, and the fourth valve
62, and the fifth valve 68 remain 1n the open position. The
pump 52 i1s activated, and the fluid in the low-pressure
accumulator 64 1s then drawn through the second conduit 40
past the check valve 44, into the third conduit 46, through
the pump 52, where the tluid 1s then forced through the area
of the third conduit 46 downstream of the pump 52 such that
the fluid tlows through the check valve 50, the accumulator
54, the restriction 56, and into the fourth conduit 66. The
fluid then tflows third conduit 38, through the second valve
38, through the first primary feed conduit 32 A, and into the
TMC 26.

The operation of the pump 52 also causes fluid to be
drawn from each of the calipers 22A,22B. More specifically,
fluid 1s drawn from the first caliper 22A, through the first
final conduit 72 A 1nto fourth conduit 66 and through the fitth
valve 68, where the fluid then flows 1nto the second conduit
40. Fluid 1s also drawn from the second caliper 22B, through
the second final conduit 72B and into the third conduit 58,
where the fluid then flows through fourth valve 62, continues
through the fifth conduit 58 and into the second conduit 40.

The transier of the fluid from each of the brake calipers
22A,22B during the operation of the pump 1n Stage 5 causes
the piston of each corresponding caliper 22A,22B and the
brake pads 80A,80C that are connected to the piston of each
corresponding caliper 22A,22B to retract, creating a gap
between the first brake pad 80A and the disc 18A, and also
creating a gap between the third brake pad 80C and the
second disc 18B. The gap between the first brake pad 80A
and the disc 18A, and the gap between the third brake pad
80C and the second disc 18B reduces or eliminates residual
drag torque. The gap around each disc 18A,18B 1s balanced
because of the rotation of each disc 18A,18B as the vehicle
moves.

The description of the invention 1s merely exemplary 1n
nature and, thus, variations that do not depart from the gist
of the mvention are intended to be within the scope of the
invention. Such variations are not to be regarded as a
departure from the spirit and scope of the invention.

What 1s claimed 1s:
1. An apparatus, comprising;:
a braking system, including;
a hydraulic electronic control unit;
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a switch 1n electrical communication with the hydraulic
electronic control unit;

at least one brake unit operable for being controlled by
the hydraulic electronic control unit;

at least one disc, the at least one brake unit including at
least one caliper having a piston and brake pad
operable for selectively applying a force to the at
least one disc;

at least one actuator 1n electrical communication with
the electronic control unit and the switch, the switch
1s able to be placed 1n a first position, where the at
least one actuator 1s 1nactive, and the switch 1s able
to be placed in a second position, such that the at
least one actuator applies force to the at least one
disc;

at least one low-pressure accumulator 1n fluid commu-
nication with the at least one brake unit; and

a pump 1n fluid communication with the piston of the
at least one brake umt and the at least one low-
pressure accumulator;

wherein the piston of the at least one brake umit 1s
exposed to pressurized fluid after the switch 1s
changed from the second position to the first posi-
tion, creating a pressure differential between the at
least one brake unit and the low-pressure accumu-
lator, causing fluid to be transferred to the low-
pressure accumulator, the hydraulic electronic con-
trol unit then activates the pump, causing fluid to
transier away from the at least one brake unit and the
at least one low-pressure accumulator to create a
suction on the piston that moves the piston and brake
pad away from the at least disc, creating a gap
adjacent the at least one disc;

a pump accumulator in fluid communication on an outlet
side of the pump and a restriction point 1n fluid com-
munication of an outlet side of the pump accumulator;
and

a primary feed conduit i fluid communication with a first
accumulator, a first valve and a second valve 1in fluid
communication with the primary feed conduit, the first
valve 1 further fluild communication with a second
conduit and a second accumulator, the second valve 1n
further fluid communication with a third conduit and a
fourth conduit, wherein the pump, pump accumulator
and the restriction point are disposed in the third
conduit and the third conduit 1s 1n further fluid com-
munication with the second conduit.

2. The apparatus of claim 1, wherein the at least one
caliper applies force to the at least one disc when the switch
1s placed 1n the second position.

3. The apparatus of claim 2, wherein the at least one
caliper releases the at least one disc when the switch 1s
placed 1n the first position.

4. The apparatus of claim 1, wherein the gap 1s created as
the least one brake pad moves away from the at least one
disc as the fluid 1s transferred away from the at least one
low-pressure accumulator and the at least one caliper.

5. The apparatus of claim 1, further comprising a master
cylinder, wherein fluid 1s transferred from the at least one
low-pressure accumulator and the at least one caliper to the
master cylinder.

6. The apparatus of claim 1, wherein the gap around the
at least one disc 1s balanced when the at least one disc 1s
rotated, such that a gap 1s created on each side of the disc.

7. A braking system, comprising:

a hydraulic electronic control unit;
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a switch 1n electrical communication with the hydraulic
clectronic control unit, the switch operable for being
placed 1 a first position or a second position;
at least one brake unit operable for being controlled by the
hydraulic electronic control unit, the at least one brake
unit further comprising:
at least one actuator 1n electrical communication with
the electronic control unait;

at least one disc, the actuator operable for selectively
applying a force to the at least one disc;

at least one caliper including a piston operable for
selectively applying a force to the at least one disc;

at least one brake pad connected to the at least one
caliper, the least one brake pad selectively 1n contact
with the at least one disc;

at least one low-pressure accumulator 1n fluid communi-
cation with the at least one caliper;

a pump 1in fluid communication with the piston of the at
least one caliper and the at least one low-pressure
accumulator;

wherein the piston of the at least one brake unit 1s exposed
to pressurized tluid after the switch 1s changed from the
second position to the first position and the at least one
actuator releases the at least one disc, creating a pres-
sure differential between the at least one low-pressure
accumulator and piston of the at least one caliper, and
the pressure differential causes fluid in the at least one
caliper to be transierred to the at least one low-pressure
accumulator, and the hydraulic electronic control unit
then activates the pump, causing fluid to transfer away
from the at least one caliper and the at least one
low-pressure accumulator to create a suction on the
piston that moves the piston and, the at least one brake
pad away from the at least one disc, creating a gap
between the at least one brake pad and the at least one
disc;

a pump accumulator 1n fluid communication on an outlet
side of the pump and a restriction point 1n fluid com-
munication of an outlet side of the pump accumulator;
and

a primary feed conduit in fluid communication with a first
accumulator, a first valve and a second valve 1n fluid
communication with the primary feed conduit, the first
valve in further fluild communication with a second
conduit and a second accumulator, the second valve 1n
further fluid communication with a third conduit and a
fourth conduit, wherein the pump, pump accumulator
and the restriction pomnt are disposed in the third
conduit and the third conduit i1s in further fluid com-
munication with the second conduit.

8. The braking system of claim 7, further comprising a
master cylinder, wherein fluid 1s transterred from the at least
one low-pressure accumulator and the at least one caliper to
the master cylinder during the operation of the pump.

9. The braking system of claim 8, further comprising a
second brake pad located on the opposite side of the at least
one disc 1n relation to the at least one brake pad, wherein as
the at least one disc rotates, a portion of the gap 1s located
between the second brake pad and the at least one disc.

10. A method for creating a desired air-gap in a braking
system, comprising the steps of:

providing a hydraulic electronic control unait;

providing a switch in electrical communication with the
hydraulic electronic control unit;

providing at least one brake unit including a piston that 1s
operable for being controlled by the hydraulic elec-
tronic control unit;
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providing at least one disc, the at least one brake unit
operable for selectively applying a force to the at least
one disc;

providing at least one actuator 1n electrical communica-
tion with the electronic control unit and the switch, the
switch 1s able to be placed 1n a first position, and the
switch 1s able to be placed 1n a second position;

providing at least one low-pressure accumulator 1 fluid
communication with the at least one brake unit; and

providing a pump in fluid communication with the at least
one brake unit and the at least one low-pressure accu-
mulator;

providing a pump accumulator 1n fluid communication on
an outlet side of the pump and a restriction point 1n tfluid
communication of an outlet side of the pump accumu-
lator

providing a primary feed conduit m fluid communication
with a first accumulator, a first valve and a second valve
in fluid communication with the primary feed conduat,
the first valve 1n further fluid communication with a
second conduit and a second accumulator, the second
valve 1n further fluid communication with a third
conduit and a fourth conduit, wherein the pump, pump
accumulator and the restriction point are disposed 1n
the third conduit and the third conduit 1s 1n further tluid
communication with the second conduit;

changing the switch from the second position to the first
position such that the at least one brake unit 1s exposed
to pressurized fluid, and a pressure diflerential 1s cre-
ated between the at least one brake umt and the
low-pressure accumulator, causing fluid to be trans-
ferred to the low-pressure accumulator; and

activating the pump using the hydraulic electronic control
umit, such that fluid 1s transierred away from the piston
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of the at least one brake unit and the at least one
low-pressure accumulator to create a suction that
moves the piston away at least one disk, creating a
creating a gap adjacent the at least one disc.

11. The method of claim 10, further comprising the steps

of:

providing at least one caliper being part of the at least one

brake unait;

applying a force to the at least one disc using the at least

one caliper when the switch 1s placed in the second
position.

12. The method of claim 11, further comprising the steps
of releasing the at least one disc using the at least one caliper
when the switch 1s placed 1n the first position.

13. The method of claim 11, further comprising the steps
of:

providing at least one brake pad connected to the at least

one caliper;

creating the gap as the least one brake pad moves away
from the at least one disc as the fluid 1s transierred away
from the at least one low-pressure accumulator and the

at least one caliper.

14. The method of claim 13, further comprising the steps
of:

providing a master cylinder;

transierring fluid 1s from the at least one low-pressure

accumulator and the at least one caliper to the master
cylinder.

15. The method of claim 10, further comprising the steps
of balancing the gap around the at least one disc when the

at least one disc 1s rotated, such that a gap 1s created on each
side of the disc.
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